The prevalence of Cryptosporidium sp. and Giardia sp. in fecal samples collected from freeranging white-tailed deer (Odocoileus virginianus) was determined for animals in Virginia and Mississippi. The 34 Virginia samples came from young of the year (Յ6 months of age) presented to the Wildlife Center of Virginia, and the 360 Mississippi samples came from animals (Ն6 months of age) collected from 42 different sites across the state. Cryptosporidial oocysts were detected in 8.8% and 5.0% and Giardia sp. cysts were detected in 2.9% and 1.1% of the samples from Virginia and Mississippi, respectively. Analysis of data by collection site was not possible because of the small number of samples from some sites. Therefore, collection sites in Mississippi were grouped by the stream basin in which they occurred. Binary logistic regression analysis indicated the probability of infection with Cryptosporidium sp. decreased with increasing age of animal in all positive stream basins except 1, in which the pattern was reversed. This is the first report of either Cryptosporidium sp. or Giardia sp. in free-ranging white-tailed deer. The role of white-tailed deer in the epidemiology of these parasites is unknown. However, this study demonstrates that white-tailed deer shed cysts and oocysts of both parasites in the environment and must be considered potential sources of contamination.
Cryptosporidium parvum and Giardia sp. are recognized as severe pathogens capable of producing lifethreatening disease in animals and humans. 5, 9, 12, 29, 32 Both parasites produce resistant stages that are passed with the feces of infected hosts. Transmission occurs either by the direct fecal-oral route or through ingestion of contaminated food or water. 2, 6 Cysts and oocysts of these parasites are not easily destroyed with disinfectants or during normal water treatment processing. 10, 15, 16, 25 Giardiosis is the most frequently diagnosed waterborne human disease in the USA. 29 This fact, coupled with large-scale outbreaks of infections with waterborne Cryptosporidium sp., has focused attention on the identification of sources of contamination for these parasites in the environment. 13, 18, 25, 28, 29 Most surveys for the prevalence of Giardia sp. in wildlife have focused on small furbearing species, particularly those having a close association with water. Few surveys have targeted large mammals. Giardia sp. was not detected in any of 6 moose (Alces alces), 1 wapiti (Cervus elaphus), or 3 white-tailed deer (WTD; Odocoileus virginianus) examined 31 but was detected in 3 of 3 roe deer (Capreolus capreolus) 22 and 1 of 14 other deer (species not reported). 14 What role, if any, free-ranging WTD play in the epidemiology of Giardia sp. is not known.
Among cervids, cryptosporidial infections in farmed red deer (Cervus elaphus) calves have been characterized by diarrhea and high mortality. 20, 30 Cryptosporidial infections have also been reported in captive roe deer, fallow deer (C. dama), sika deer (C. nippon), barasingha deer (C. douvauceli), Eld's deer (C. eldi thamin), axis deer (Axis axis), and mule deer (Odocoileus hemionus). Most cases were diarrheic neonatal deer hand-raised in a wildlife park. 9 The prevalence of Cryptosporidium sp. in free-ranging deer of these species has not been fully examined.
Despite extremely high WTD population densities throughout the USA, Cryptosporidium parvum has been reported only once in this species, in captive animals. 8 That study demonstrated that captive WTD can excrete C. parvum oocysts that are infectious for other mammals. However, the role of free-ranging WTD in the epidemiology of cryptosporidiosis could not be inferred from that study.
The purpose of the present study was to examine fecal samples from free-ranging WTD for the presence of Cryptosporidium sp. and Giardia sp. to begin to assess the role of WTD in the dissemination of these parasites in the environment.
Materials and methods
Fecal samples from free-ranging Virginia WTD were collected from fawns presented to the Wildlife Center of Vir- 0  18  5  0  40   8  16  0  2  59   7  14  3  2  75   7  13  2  2  73   4  14  0  3  51   1  8  3  2  27   1  0  2  0  10   1  7  2  0  25   29  90  17  11  360 ginia (WCV), Waynesboro, VA. Samples were collected between May 31 and November 19, 1997 . Fecal samples were collected directly from the rectum of each animal within 72 hr of presentation, sealed in plastic bags and held at approximately 5 C until evaluated and stored as above. Age of animal was determined upon presentation and ranged from approximately 1 wk to 6 mo ( Table 1) .
Fecal samples from free-ranging Mississippi WTD were supplied by personnel of the Mississippi Department of Wildlife, Fisheries and Parks (MDWFP). Samples were collected between January 31 and May 5, 1997, during the annual herd health check, with the majority collected between mid-February and mid-March. Feces were obtained directly from the rectum of each animal and stored as above. Age of animal was determined in the field by MDWFP personnel to the nearest half-year and ranged from 6 mo to Ͼ7 yr ( Table  2) .
All fecal samples were examined using a direct fluorescent antibody kit a in accordance with the manufacturer's instructions. Samples were considered positive if 1 or more oocysts or cysts exhibiting apple green color (fluorescent microscopy) and morphologic characteristics of either Cryptosporidium or Giardia spp. were present. Samples in which cryptosporidial oocysts were detected were subjected to a standard centrifugation/flotation technique using a saturated sugar solution with a specific gravity of 1.27 and examined with interference contrast microscopy to determine species characteristics. 2 The prevalence of both parasites was determined as pre-viously described. 6 Ninety-five percent confidence intervals (CI) around these prevalences were calculated based on the F distribution. 21 The prevalence of Giardia sp. in WTD was determined by age and, in Mississippi, by collection site. The prevalence of Cryptosporidium sp. in WTD was also determined by age and, in Mississippi, by collection site and stream basin. Because of the small number of samples from many of the collection sites, statistical analyses could not be performed on individual sites; thus, data from collection sites were combined by age category and stream basin. The Ͼ134,400 km of streams and rivers in Mississippi are divided into 10 major stream basins ( Fig. 1 ; Mississippi Department of Environmental Quality: 1996, Mississippi 1996 water quality assessment, Federal Clean Water Act Section 305(b) Report, Office of Pollution Control, Jackson, MS). Binary logistic regression analysis on age was used to model the relationship between the prevalence of Cryptosporidium sp. in WTD of various age groups in each stream basin. For a binary response variable, the linear logistic regression model has the form
where p ϭ response probability, a ϭ intercept parameter, b ϭ vector of slope parameters, and x ϭ vector of explanatory variable. In the present study, the response probability is the probability of a sample testing positive or negative for Cryptosporidium sp. and the explanatory variable is age. Initial models fit to the data included terms representing the pos- sible effect of stream basin on the slope and intercept. Alternative models were examined to find a parsimonious model with adequate goodness of fit. 26 All analyses were performed at the 5% level of significance.
Results
Virginia. Thirty-four fecal samples were examined from Virginia WTD ( Table 1) . Cryptosporidial oocysts were detected in 3 samples, for an overall prevalence of 8.8%. Cysts of Giardia sp. were detected in 1 sample, for an overall prevalence of 2.9%. Of the 34 samples examined, 6 were from fawns that had been held for Ͼ72 hours elsewhere prior to presentation to WCV and could have acquired infections from contaminated premises. However, none of the positive animals were among these 6, representing infections acquired in the wild. Deletion of these 6 from the data set alters the overall prevalence of Cryptosporidium sp. to 10.7% (Cl ϭ 2.3-28.2%) and Giardia sp. to 3.6% (Cl ϭ 0.1-18.3%). Alterations in fecal consistency was noted only in 2 of the WTD. Diarrhea was present in 1 animal (negative), and a small amount of blood in mucoid feces (Cryptosporidium positive) was present in another.
Mississippi. Three hundred sixty fecal samples were examined from Mississippi WTD ( Table 2) , representing 42 collection sites in 9 of the 10 stream basins ( Fig. 1 ) present in Mississippi. No samples were available for evaluation from the Pearl River Basin; therefore, this basin was excluded from statistical analysis. Because one of the goals of the herd health check is to evaluate the reproductive status of females, males were underrepresented in the survey (42/360). Ages for males and females ranged from 0.5 to 3 years and 0.5 to Ͼ7 years, respectively. Alterations in fecal consistency was not noted in any of the 360 samples examined in the study. Giardia sp. was detected in only 4 fecal samples, for an overall prevalence of 1.1% ( Fig. 1 ; Table 3 ). All positive animals were females. The positive samples were from sites (ages of deer) 32 (0.5 years), 7 (2.0-2.5 years), 5 (2.0-2.5 years), and 14 (3.0-3.5 years). The positive animal in site 32 was concurrently shedding Cryptosporidium sp. and was the only dually infected animal (prevalence of dual infections ϭ 0.3%; Cl ϭ 0-1.5%). Site 7 was the only other site in which both Giardia sp. and Cryptosporidium sp. were detected, but from different deer.
A total of 18 deer were shedding Cryptosporidium sp., resulting in an overall prevalence of 5.0% (Table  3 ). Three positive animals were male, all in the 0.5 year age category. All age groups included at least 1 positive sample. Cryptosporidium sp. was not detected in fecal samples from 28 of the 42 collection sites ( Fig.  1 ; Table 4 ). Morphologic characteristics 2 of oocysts from positive deer in this study examined by interference contrast microscopy allowed for a provisional diagnosis of C. parvum.
Of the 14 positive collection sites, the 4 exhibiting the highest prevalences were sites 4, 15, 16, and 19. Site 41 had a prevalence of 50%, but only 2 samples were submitted from this site.
Cryptosporidium sp. was not detected in deer from 3 of the 9 stream basins ( Fig. 1; Table 4 ). The basin with the highest overall prevalence was the North Independent Streams, but the basin with the narrowest Cl was the Pascagoula River.
Seventy percent of the data used to fit the logistic regression model came from 3 stream basins: the Pascagoula River (25.0%), the Tombigbee River (23.1%), and the Yazoo River (22.5%). Thus, the proposed model primarily reflects differences in the age distribution of WTD with cryptosporidial infections within these 3 basins. Although the number of samples from the remaining basins was limited, the age distributions of the infected deer in these basins appear to be similar to that of deer in the Yazoo River Basin but different from those of deer in both the Tombigbee River Basin and Pascagoula River Basin. For these latter 2 basins, the age distribution of deer with cryptosporidial infections appears to differ from that of deer from the combined basins and from deer from each other in the probability of infection for young deer (intercept). The Tombigbee River Basin also differs from the other basins in the rate of change in probability of infection with age (slope). Thus, the proposed model for Cryptosporidium sp. infections in WTD is logit ϭ ln( p/1 Ϫ p) ϭ Ϫ0.8471 Ϫ 0.7381(age), for the combined basins; logit ϭ ln( p/1 Ϫ p) ϭ (Ϫ1.9636) Ϫ 0.7381(age), for the Pascagoula River Basin; and logit ϭ ln( p/1 Ϫ p) ϭ (Ϫ4.1944) ϩ 0.4131(age), for the Tombigbee River Basin. These models imply that the probability of infection decreases with age in all of the basins except the Tombigbee River Basin, where it increases with age ( Fig. 2) .
Discussion
This is the first specific report of free-ranging WTD shedding any species of Giardia or Cryptosporidium. The fact that cysts and oocysts were detected in 2 study populations from widely separated geographic regions suggests that these parasites may be generally distributed in the WTD populations of North America.
The overall prevalence of Giardia sp. was low in both study locations. These prevalences are between the 0% (0/3 WTD) and 7.1% (1/14 ''deer'') previously reported in Canada 14, 31 and are lower than that reported for domestic cattle (approximately 10-88%) and sheep (approximately 6-82%) in North America. 19, 32 The lower prevalences, in comparison with farm animals, may be a reflection of intermittent shedding of Giardia sp. cysts, the mode of transmission, the time of year in which the sampling occurred, or the age of the animals in the study population. Because of the high rate and intensity of shedding of Giardia sp. in young farm animals coupled with the close proximity of these young to each other, infected young are probably the most important source of environmental contamination in most livestock operations. 32 Infected dams may also serve as a source of infection for their young, although the infection rate and intensity has been much lower than for their offspring. 32 In addition, a periparturient rise in shedding of cysts occurs in ewes, which results in serious contamination of their surroundings and infection of their lambs. 33 Transmission via water, common in humans, is not considered to be a primary means of transmission in farm animals. 32 Although crowding is unlikely to play a significant role in the transmission of Giardia sp. in free-ranging young WTD, the source of environmental contamination and the role of adult WTD in the transmission of the parasite is not known.
At least 2 species of Cryptosporidium infect ruminants: C. parvum and C. muris. Cryptosporidium parvum occurs in the intestine and is more commonly associated with disease. Cryptosporidium muris, which in the ruminant occurs in the abomasum, is not often linked to disease. 9 Therefore, it is important to differentiate between these 2 species. The test kit employed in this study, however, cannot be used for specific identification because it cannot distinguish between these 2 species and because it produces cross-reactions with C. meleagridis of birds and C. serpentis of reptiles. 3, 11 Species determination, therefore, requires microscopic examination of oocysts. Morphologic characteristics of oocysts from positive deer in this study allowed for a provisional diagnosis of C. parvum.
The detection of cryptosporidial oocysts in WTD is not suprising given the wide variety of cervids and other ruminants that C. parvum can parasitize. 8, 9, 20, 30 However, detection in older animals may be considered by some to be unusual. In cattle, natural infections with C. parvum have been reported in calves as young as 4 days but appeared to be most common around 2 weeks of age. The parasite was considered to be rare in calves Ͻ1 and Ͼ4 weeks of age. 9 In sheep, clinical infections have been confined to lambs. 7, 9 However, accumulating evidence indicates subclinical C. parvum infections of adult ruminants is probably not unusual and may be partially responsible for infection of their offspring. 7 A periparturient rise in shedding of cryptosporidial oocysts by ewes, resulting in environmental contamination and infection of their offspring, has also been documented. 33 Moreover, intrauterine infection with cryptosporidia may occur, resulting in early neonatal death of red deer calves. 27 Neither the source of contamination nor the mode of transmission is known for free-ranging WTD, yet the presence of infected adults of various age suggests that adult WTD may be sources of infection for their fawns.
Of the 14 collection sites in Mississippi where C. parvum was detected, 1 had a prevalence of 50% and 4 others had prevalences Ն20% ( Table 4 ). The highest prevalence was a site with only 2 samples and thus has a broad Cl. The broad Cl for the other 4 areas is also a reflection of the small number of samples (5) (6) (7) (8) (9) (10) (11) collected from those areas. When collection sites are grouped by stream basin, the basin with the highest prevalence of Cryptosporidium sp. was the North Independent Streams Basin (Table 4 ). Small sample numbers resulted in a fairly broad Cl; nevertheless, the detection of positive deer in these areas despite small sample sizes may indicate that the true prevalence more closely approximates the upper limit of the Cl.
The probability of infection with Cryptosporidium sp. decreased with age in all basins except the Tombigbee River Basin (Fig. 2) . Clinical cryptosporidiosis is usually confined to neonates, and age-related susceptibility to infection has been demonstrated. 7 Consequently, decreasing probability of infection with increasing age is not unexpected. The slope of the model for the Pascagoula River Basin is identical to that for all other basins (except Tombigbee River Basin), but the intercept is different, resulting in a model predict-ing decreasing probability of infection with increasing age but with a lower probability of infection at younger ages. Although the current data set does not clearly indicate the reason for this shift in probability, some possible explanations for this difference may include 1) patterns of habitat use by the WTD that result in limited contact with contaminated areas; 2) the recent introduction of the parasite into the area, resulting in locally contaminated areas; or 3) an environment less suitable for survival of the oocysts.
The reversal of the pattern in the Tombigbee River Basin was unexpected and difficult to explain. The total sample size from this basin was 83, but only 4 deer in the 0.5 year age group were tested, none of which were positive. Comparison with the 2 other basins having large sample sizes reveals that 9 in the Yazoo River Basin and 18 in the Pascagoula River Basin were tested from this same age group, with 3 and 1 identified as positive, respectively. In addition, the Tombigbee River Basin was the only basin in which the 4.0-4.9year and older age groups had positive animals. This lack of apparently positive animals in the youngest age category coupled with the presence of positive animals in the oldest age categories resulted in a reversal of the expected age-related susceptibility pattern. Possible explanations for detection of positive older animals include 1) a naive deer population encountering the parasite for the first time; 2) waning of immunity in older animals resulting in either recrudescence or reinfection; and 3) an increased population of older animals, compared with other basins.
Fawns are the most likely age group to be presented for rehabilitation. The detection of Cryptosporidium sp. in Virginia fawns under Ͻ1 month of age highlights the zoonotic potential of this parasite. Although transmission between wildlife and humans has not been documented to date transmission between livestock and humans has been suggested. Evidence has implicated bovine calves as the source of infection for outbreaks of cryptosporidiosis among veterinary personnel and others having direct contact with the infected animals. 1, 17, 23, 24 This evidence has been recently strengthened by genotypic data that support the existence of at least 2 transmission cycles in humans. 23 The first cycle is zoonotic, involving cattle-to-human transmission, and the second is anthroponotic, involving human-to-human transmission. How C. parvum from wildlife fits into this scenario is unclear; however, the potential for transmission from wildlife to rehabilitation personnel does exist, and appropriate precautions should be instituted.
As watershed management strategies develop to protect source water from contamination with these parasites, it becomes imperative to understand the factors influencing the risk of contamination. One of these factors is the role of sylvatic mammals as disseminators of cysts and oocysts. The choice of study animal is influenced by the area in question. For example, a recent study focused on feral pig populations and associated risk factors for shedding oocysts and cysts. 4 Feral pigs, whose first peak in parturition occurs in the spring, were chosen for study because these animals focus activities around the margins of seeps, ponds, and lakes during the summer months. In contrast, elk in the study areas calve only in late spring (the dry season) and focus activities less around water than do feral pigs. By comparison, Mississippi's approximately 123,595 km 2 contains Ͼ134,000 km of streams and rivers, of which 31.5% are perennial, 65% are intermittent, and 3.5% are human-made ditches and canals (Mississippi Department of Environmental Quality: 1996, Mississippi 1996 water quality assessment, Federal Clean Water Act Section 305(b) Report, Office of Pollution Control, Jackson, MS). Hundreds of publically owned lakes, reservoirs, and ponds and large tracts of wetlands cover the state, for a combined total of approximately 18,490 km 2 . Rainfall sufficient to saturate soils and create overland flow is not uncommon. The abundance of water that is widely distributed throughout the state coupled with an overpopulation of WTD indicates this cervid may pose a threat to surface water quality in this area. The role of freeranging WTD in the epidemiology of both Giardia sp. and Cryptosporidium sp. is still unclear. Based on the present study, however, WTD do shed cysts and oocysts of both parasites in the environment and must be considered potential sources of contamination.
